87-93.
1967. ii-om this approach are: inulin 0.54 X 10"~ cm set-I; raffinose 3.9 X 10~~ cm set-l; sucrose 5.9 X 10~~ cm set+; urea 9.7 X 100 cm set -? In this equation, c and AC are the reflection coefficients and transmembrane concentration difference for a solute which has been placed in the fluid perfusing the heart. It was assumed that a sudden alteration in the concentration of this test substance in the fluid perfusing the heart would not alter any pressure difference existing across the capillary wall. By using high perfusion rates and extrapolating to zero time (i.e., the time when the test substance initiated osmotic flow across the capillary wall) 
Jv is again the flow of fluid (per unit area) across the capillary wall due to a difference in concentration across the capillary wall of an osmotically active substance. Lp is the capillary filtration coefficient per unit area of capillary wall, u is the Staverman reflection coefficient, R the universal gas constant, T is the absolute temperature, and dt represents the differential of the fractional distance along the axis of the capillary, t = xl-l. The distance x refers to a given displacement from the begining of the capillary along the capillary which has a total length of 1. The integration is carried out over the whole length of the capillary, i.e., where $ goes from o to I. The solute concentration at a distance x from the arterial end of the capillary is given as C, where C = C (& t). The solute concentration in the extracapillary space, Ct , is assumed to be independent of distance along the capillary and only a function of time (t). Letting K = crl;pRT and remembering that Ct is assumed to be independent of x we obtain:
From the paper of Johnson and Wilson (6) we find that appropriate 
where a! = PA/Q (P is the solute permeability coef-ficient, A is the capillary wall area, Q is the capillary flow), M is the rate constant and = Q/V (I -e--(pA/Q)) where V is the extracapillary volume. C and Ct appear to be dimensionless only because the initial and boundary conditions are arbitrarily defined as follows: C (X = o, t) = r;C(x,t= o) = o;andC& = o) =o. The reason the asymptotic expressions are felt to be appropriate for the treatment given here is that the earliest significant measurements are made several seconds after the switch and since the capillary traversal time is on the order of 0.3 set, several seconds represent many traversal times. If we substitute these expressions for C and Ct into equation 4 we find after integration:
For QI small, compared to I, ema e I -a and equution 7 reduces to ~guation 6.
JV (8) the permeability-limited case. For ~1 large compared to I, equution 7 reduces to equation g.
K 0
Qt Jv = -e-7 a (9) the flow-limited case. In comparing these theoretical findings with the experimental results it should be kept in mind that the weight transients are proportional to Jv, the constant of proportionality being the total capillary wall area. However, it is only the time course of the flow which is used to characterize the process not the total flow. Experimental.
The results described in this paper are from the same experiments that were used to calculate the reflection coefficients of rabbit heart capillaries. Since the technique was described in detail previously (14)~ a briefer description of the experimental techniques will be given here. Rabbits (of both sexes), 2-3 kg in weight, were anesthetized with I .5-2 ml 5 % Nembutal solution injected into the lateral ear vein. This was followed by an injection into the same ear vein of 2 ml heparin solution (I ,000 U/ml). The thorax was then opened, the aorta cannulated, the heart cut out and attached to a strain gauge balance which gave a continuous record of the heart weight,
In the meantime the two ventricles were cannulated with small pieces of plastic tubing in order to prevent any pooling of fluid in the ventricles.
Two platinum electrodes were attached to the heart and the rate was driven via a Grass stimulator at a frequency of 1. given amount of test substance. Urea, sucrose, rafinose, and inulin were used as test substances. The solutions were oxygenated with 95% 02 -5 % CO2 gas mixtures.
After a period of perfusion with the control Ringer solution, a sudden switch was made to the test solution which invariably caused a lass in heart weight. In our experiments an attempt was made to keep the flaw high enough so that it would not dominate the rate processes involved in the osmotic transients. The flow used far each solute was determined from experiments in which osmotic transients were obtained at different flows. The half-time of these transients were plotted against the flow. The results showed that for flow not to influence the results it must be higher than 60 ml/minl for urea and higher than 30 ml/min+ for inulin.
The flows for the other substances being in between these extremes.
The temperature of the perfusion fluid was kept at 27 3~ I C.
RESULTS

Figure
z shaws the type of curves obtained by our experimental approach (these curves are also given in a previous publication (I 4)). It can be seen that following an initial switch artifact the heart-weight record shows a reasonably smooth time course. The slopes of these lines at any time give the rate at which the weight is changing at that time. The slopes were obtained by graphical differentiation and the resulting rates were plotted on semilogarithmic paper as a function of time in seconds. The results for each substance gave a good approximation to a straight line when plotted in this way. Figure 2 shows the results obtained for sucrose at four different concentrations. It can be seen that not only does each concentration give essentially a straight line but the slopes of all are practically the same. The significance of this will be discussed later. It can be said that this independence of the slope from the concentration of the test substance held for inulin, raffinose, and sucrose. Urea was not tested at more than one concentration. Figure 3 indicates the transcapillary flows (assumed to be equal to the rate of weight change) for all four test substances expressed as percentages of the flow at zero time (the time of the switch from control solution to test solution).
The Table  T gives the values of the half-times, rate constants (M's), and permeability coefficients (calculated from the expression M = &IV+). Table  2 gives what we consider the best estimates of the permeability coefficients taking into account various factors to -be discussed subsequently. It also shows the direction and estimated magnitude of each correction. Table  3 gives the free diffusion coefficients of the substances in water corrected to 27 C, the ratio of diffusion coefficients of each substance with respect to inulin, and analogous permeability coefficient ratios. Obtaining permeability coefficients from the rate of weight change curves involves a number of assumptions which require discussion in order to give the estimations more validity. We now proceed to do this taking serially the possible influence of perfusion rate, heterogeneity of extravascular space, change in volume of the intravascular or extravascular space with time, lymph flow, and solvent drag on the solute distribution kinetics. Perfusion or flow limitation as an important factor in solute distribution kinetics must be considered in any study such as this. We have attempted to deal with this problem in two ways. As mentioned earlier we have studied the half-times for the osmotic transients as a function of flow and used flows sufficiently high so that the perfusion rate did not alter the half-time to a large extent. In addition the theory we have used corrects for flow and this correction is indicated for each substance in Table  2 . The fact that there is any correction indicates that we had not experimentally achieved full independence from flow. However, the corrections are not large. We now consider the heterogeneity of the extravascular space and its possible influence on the solute distribution kinetics. We have assumed an extravascular distribution volume for inulin of 0.37 ml/g and for sucrose, raffinose and urea 0.42 ml/g. In the paper of Schafer and Johnson (I 3), reasons were given for believing that the diffusion rates were fast enough, given the relatively small distances between capillaries, so that the extravascular distribution step would be very fast compared to the measured rate of solute In the case of urea we have a related case but with a different effect. There is much evidence to indicate that urea can enter into cells and distribute in perhaps the total water of the tissue. Since this would give a larger volume of distribution than we used in calculating the permeability coefficient our calculated value would be too low. However, the passage across the parenchymal cells would probably not be instantaneous relative to the transcapillary step so that the true permeability The osmotically induced flow should exert some drag on the solute as it passed in the opposite direction across the capillary wall. Calculations based on the pore theory, using observed flows, indicate that this effect could cause our estimate of the permeability coefficient for inulin to be 3 % too low. The other molecules give rise to lower solvent flows and therefore would not be effected so much as inulin.
The way in which we calculated the solvent drag effect was to assume that diffusion takes place against the convected solvent stream in the pores after the manner of Jacobs (3) it is to be emphasized that raising the concentration of the solute should magnify the volume change and solvent drag effects. The fact that this caused no discernible effect on straightness of the slope of the lines obtained with semilogarithmic plotting of the data is in favor of either a small effect due to these factors or compensating influences. Since the pores are assumed to be filled with water, the ratios of free diffusion coefficients in water are used for comparison.
If the ratio of the permeability coefficient for a larger molecule to that for a smaller molecule is less than expected from their free diffusion coeficient ratio, this is taken as evidence for the pore theory with progressive restriction for the larger molecules.
Some authors have taken the view that the capillary wall or some adjacent structure offers uniform resistance to the passage of molecules (I, 2, 7)* They cite evidence (usually obtained by indicator-dilution techniques) that points to permeability ratios being similar to free diffusion coefficient ratios.
The results in this paper as summarized in Table 3 are more in favor of the pore theory than of the uniform resistance theory. 
